The crankshaft is the part of an engine which translates reciprocating linear piston motion into rotation. Automobile crankshaft failure, apart from poor maintenance culture, is caused by age and distance covered. These attributes which caused crankshaft failure were investigated using questionnaire administration and oral interviews of the maintenance expert and experienced personnel in the three selected crankshaft maintenance shops in Akure, Nigeria based on six popular crankshaft brands. Information/data on failure rate and failure consequence thresholds were established and served as a decision rule on the basis at which optimal reconditioning process, replacement and interchangeability system of the crankshaft components were identified on the occurrence of failure rate (R 1 ) and failure consequence (β 1 ). Computer algorithm was developed for the software package, using Microsoft Visual C# computer language. The software was tested to determine their level of performance. The results generated from the application of these systems were categorised into six scenarios whereby the MC230 Class gave the best result. The software will be veritable tools in predicting crankshaft failure in automobile, manufacturing, and machine tools industries, for prompt solution.
Introduction
Improved performance of the transportation sector therefore, will have positive effects on the national economy [1] . The heart of an automotive vehicular system is the crankshaft because vehicular movement would seize if it fails [2] . Automobile crankshaft failures and their associated problems have increased with the developments in automotive industries as many brands/models of vehicles are on sales in recent time [2] . The failure of crankshaft is a very severe problem faced by engineers recently. While some engineers belief that most of the failure are due to fatigue failure, other belief it that failure is beyond Fatigue. These include crankshaft installation, configuration and location [3] [4] and [5] . Increase in crankshaft failure was attributed to rapid increase in car ownership, low expansion rate of roads, and poor engine maintenance culture [2] . Failure modelling of crankshaft has been dealt with by many researchers [5] [6] [7] . However, many of these efforts failed to consider practical aspect of failure rate modeling failure rate by considering distance travelled and age. In this study, the automobile crankshaft failure rate is modeled based on distance travel and age. The outcomes are used to predict failures of different brands of crankshafts in order to prevent any premature failure [8] . Figure 1 shows typical example of vehicular crankshaft.
Crankshafts are manufactured with different materials and during its operation, due to cyclic loadings, cracks are produced on its surface, ultimately resulting into failure of crankshaft due to vibration [4] [9] . This study used expert's information/data obtained from well-established maintenance job-shops to model the crankshaft failure under distance travel and age with the assumption that the causes of failure are random and the failure itself is randomly occurred that magnitudes are different over the years. Section 2 presents literature review on critical causes/modes of failure on crankshaft to warrant this study, 
Literature Review
Review on Crankshaft Failures [10] investigated the crack produced in the two crankshafts of diesel van which were used for 30,000 km and then grinding is done. After machining both the crankshafts lasted only for 1000 km and resulting into the Journal damage.
[11] studied 4-Cylinder reciprocating compressor used in bus climate control system. [12] studied failure of 4-stoke 18 V diesel generator crankshaft used in electrical power plant. [8] presented a Low cycle fatigue (LCF) tests which were carried out on forged carbon steel (AISI 4130) used in V12 Diesel engine crankshafts, at room temperature and 300˚C, under total strain control.
[13] worked on finding out the causes of failure of aircraft engine crankshaft. The research was oriented about the failure of the crankpin journal due to fatigue. [14] investigate and discuss the method of assessment of the grinding wheel cutting ability in the plunge grinding of crankshaft. [15] worked and find out the technical developments in crankshaft failure. [16] carries out the investigation of the failure of three different crankshafts of 12 cylinders V-12 design engine used in trains. [17] worked on finding out the causes of failure of transport aircraft crankshaft. The failure is due to rubbing action between journal and bearing due to axial load on the shaft. [18] investigation of crankshaft made up of forged carbon steel resulting into premature failure in the web regions. [19] undergone fatigue failure analysis of cast iron crankshaft and area where bending is occurred is studied, along with residual stresses produced due to fillet rolling process. [20] carries out the analysis of the crankshaft which failed in a strange manner when it was under testing only for 20 min. [21] presented work for the effect of presence of slant crack in the crankpin of crankshaft and a model for vibration analysis is developed. [22] presented his work on the single cylinder diesel engine crankshaft used in the agricultural vehicles.
[23] investigated a failure analysis of two damaged crankshafts are presented: one obtained from a diesel engine of a mini backhoe, and another one from an automobile vehicle. [24] investigated the effect of fillet rolling on the fatigue behaviour of the ductile cast iron crankshaft used in diesel engines. [ 
Methodology

The Method Used Covered Vehicular Brands/Models
The six brands/models of vehicles covered in this research are designated as TC, 
Parameters Used
The ages and kilometers travel, time of occurrence and the cost of repair data of the serviced vehicles were collected. The mean vehicular ages and/or distance covered were obtained across all brands throughout the periods of investigation.
The data obtained from the maintenance experts were used to calculate crankshaft failure rate and cost consequence/the maintenance shop used are in operation for so many years ago (30 years). The model parameters used includes:
Other Parameters Measured/Predicted
The parameters measured include: Failure rate (wear/day) and Failure consequence (N). The equations for calculating the failure rate and the failure consequence are given as follows:
where: 
Computer Software Development
This comprises:
Algorithm / Flowchart,
Using Microsoft Visual C# computer Language (Front end or engine) and
Microsoft Structured Query Language (SQL) Server Compact Edition (Back end or engine). The outputs of predicted failure rate were generated for possible decisions: replace/reconditioning or do not, and output sample (validation).
Software Validation
Paired T-test Statistical analysis was used to check the level of significant difference between the mean of actual values obtained and mean of predicated values determined. 5% level of significant difference was used to check if there is significant difference between the mean of the variables.
Data Collected for Vehicular Crankshafts from Mechanic Workshop A, B and C
Three (3) 
Computer Software Development
A computer software program was developed to facilitate among the parameters namely failure rate R(t), failure consequence ( ) ( ), age (A), distance travelled (K) and time (Y) according to Equation (1) and (2). Flowchart/algorithm was developed for rapid implementation by maintenance practitioner using Microsoft Visual C# as computer language. Figure 2 shows the flowchart for the computer software in line with the algorithm. Data were collected in three (3) workshops on age, distance travelled before failure, number of vehicle reported repair per day, cost of repairs per one and the year under review as input parameters for the developed software. Failure modes/causes that related to the failure patterns were noted. The data collected served as input into the developed computer software program. It has ability to rapidly give output results related to failure rate and consequence as determined by the model. The generated data helped to analyse the interplay among the various factors to arrive at a tangible conclusion.
Result and Discussions
Software Algorithm
Microsoft Visual C# programme language is to develop the software algorithm (Crankshaft Failure Analysis) as in Figure 3 . Starting with selection of vehicular brand/model, (TC) crankshaft was first selected, its crankshaft age is 10 years, distance travel is 200,000 km and time of occurrence is 8 years. The failure rate threshold and failure consequence threshold obtained as 13 wear/day, N3500 respectively. The output result obtained from the software showed that the failure rate and failure consequence values 11.4272 wear/day and N1373.64
respectively. Therefore, since the output results obtained for both failure rate and failure consequence are less than their threshold values, then crankshaft re-grind recondition process will be established. The results of the software and manually calculated failure rate and failure consequence values were found to be similar. This proved that the software developed is reliable. Besides it is faster (7 times faster than manual method of computation). Manual 
Sensitivity of Crankshaft Failure Analysis for Workshop A
Sensitivity analysis was carried out using software development under six (6) scenarios. The results obtained are discussed in the following section. This sensitivity analysis is shown in Figure 6 . FC 100 gave the least values of failure consequence and therefore the best results.
It gave very low failure consequence (N0.03) in the first 2 years before increased rapidly to N2281.453 at the 10 years. This sensitivity analysis is shown in Figure 7 . at distance of 140,000 km. This sensitivity analysis is shown in Figure 8 . maintain nearly the same failure consequence through the distance covered from 50,000 km to 140,000 km according to the graph. The last was FC 100 that had a zero (N) cost of failure consequence starting from 50,000 km to 60,000 km before it's rapidly increased to N3300.292 at 140,000 km distance covered.
In general, MC230 Class has the low failure rate followed by FC100 and PG607 vehicular crankshafts. TC has the highest wear/failure rate therefore took last position followed by HC. However TC generated the high value (failure consequence) for the workshop which is N49,000 per day followed by FC100 (N48,000) and HC (N48,000).
Paired t-Test for Failure Rate/Failure Consequence
Paired T-test Statistical analysis was used to check the level of significant different between the actual values and predicated values. The validation of the developed computer software program shown that the software can adequately predict the failure rate/consequence of the crankshaft.
The actual values and predicated values obtained from Regression model analysis was shown in Table 1 .
Conclusion
Ages and distance travel were used as major criteria that influence the failure rate of crankshaft at a normal condition. A Statistical Package for Social Science 000 60,000 70,000 80,000 90,000 100,000110,000120,000130,000140 software for the individual brand/model of crankshaft was developed to determine/predict the interaction among the parameters namely, age, distance travel and time of occurrence. Flowchart/algorithm was developed for the input parameters using Microsoft Visual C# as computer language to predict the likely crankshaft failure rate and consequence. The validation of the developed computer software program was tested and established using paired t-test statistical analysis that shows that there is no significant difference between the mean of actual data (failure rate/failure consequence) and the predicted data using 5% level of significant. This confirmed that the model is reliable for prediction. The findings from this study on crankshafts failure rate and failure consequence will help maintenance practitioners in the choice of the best crankshaft to procure in terms of low failure rate and low failure consequence. Further study is expected to cover crankshafts of more vehicle brands with extension to operational conditions and materials investigation as related to crankshafts failure. The outcome will serve as indicator on which the sensitivity of the process employed in this study will be determined.
